Objective. In a previous study, we found an apparent protective effect of neck pain on all-cause mortality in subjects older than age 85 years. The present longitudinal investigation was performed to verify this unexpected finding in a larger sample and to establish its significance.
Introduction
The determinants of mortality and survival in the elderly may differ even to a great extent from the traditional risk factors of middle-aged subjects [1] [2] [3] . In fact, in the elderly, survival is more influenced by functional and nutritional status than by cardiovascular risk. In particular, in the geriatric field, the concept of risk tends to coincide with the concept of frailty, whose main features are weight loss, self-reported exhaustion, low physical activity, reduced grip strength, and slow walking speed [4] .
In a recent study, we searched for the determinants of survival in a sample of 500 subjects older than age 85 years who were followed for seven years [5] . In this sample, none of traditional risk factors, except age and male sex, were predictive of mortality, and the only modifiable factor associated with survival was the intensity of physical activity. An unexpected result was the apparent protective effect of joint pain, particularly neck pain: the adjusted hazard ratio for the subjects with neck pain, compared with the subjects without that pain, was 0.65 (95% confidence interval [CI] ¼ 0.50-0.85). Actually, many studies had already assessed the relationship between pain perception and mortality [6] , but most of them found a direct (not inverse) association, and often the site of pain was not specified.
Because of the not very large sample and the great number of baseline variables tested, this result might have been a fortuitous finding favored by multiple testing. However, in our opinion, it deserved to be verified. In fact, the identification of new factors associated with mortality in the elderly (such as reduced pain sensitivity) might help us to recognize the most vulnerable subjects.
Thus, with the present study, we wanted to verify the hypothesis that an inverse relationship between neck pain and mortality really exists. To do so, we assessed this relationship in a much larger population sample than the previous one, and with a wider age range. In addition, we searched for the possible explanations for the association.
Methods
The Pianoro study is an epidemiological investigation mainly concerning the effects of physical activity on health status, cardiovascular events, and mortality in noninstitutionalized elderly subjects. The study characteristics have already been described in previous publications [5, [7] [8] [9] , and only the elements relevant to the present work will be reported here.
In November 2003, we sent 9,644 questionnaires to all of the subjects age 65 years or older who were residents of the three municipalities of Pianoro, Sasso Marconi, and Zola Predosa (province of Bologna, northern Italy), and 5,256 questionnaires (54.5%) were returned. Through these questionnaires, information was collected concerning main personal characteristics, cardiovascular risk factors, basic activities of daily living (ADL) [10] , instrumental activities of daily living (IADL) [11] , and quality of life (EuroQoL 5-Dimension) [12] , including the possible presence of anxiety or mood depression, and a visual analog scale (VAS) graded from 0 (worst possible health status) to 100 (best possible health status) to assess self rated health, the intensity of physical activity during last week (Physical Activity Scale for the Elderly [PASE] score, ranging in our sample from 0 to a maximum intensity of 239) [13] , previous cardioand cerebrovascular events, number of falls and bone fractures during last three years, and medical therapy. In particular, diabetes, hypertension, and hypercholesterolemia were considered present when the subject explicitly confirmed their presence or when the subject declared taking specific therapies for them, and those drinking at least one alcoholic unit per day (one can of beer, one glass of wine, or one small glass of spirit) were designated as alcohol drinkers. Finally, the possible current presence of pain in the main joint sites (neck, shoulder, wrist or hand, back, hip, knee, ankle or foot) was ascertained by seven specific yes/no questions (the intensity of pain was not considered).
With the exception of three cases, the seven-year follow-up of all these subjects was known (possible death and cause of death according to the ICD-10 classification were obtained from death certificates provided by the local registry office). Thus, the present study includes 5,253 subjects.
The Pianoro study was approved by the joint Ethics Committee of Bologna University and S. Orsola Malpighi Hospital.
Statistical Analysis
The study variables were described with mean and SD when the distribution was normal, or with median and interquartile range when the distribution was not Gaussian. The differences between means were tested with the Student t test, and the differences between medians were tested with Mann-Whitney's test. The differences between percentages were tested with v 2 test.
The multivariable analysis for the search for independent determinants of mortality was performed by Cox proportional hazards regression, taking into account the time elapsed between the sending of the questionnaires (November 1, 2003) and the date of follow-up (March 10, 2011), or the possible date of death. The regression coefficients and their standard errors allowed the calculation of hazard ratios and 95% confidence intervals. The association between neck pain and mortality was further assessed by a sensitivity analysis in the following eight subgroups: males, females, age 65-74 years, age 75-84 years, age 85þ years, and residents of Pianoro, Sasso Marconi, and Zola Predosa. Results shown are both unadjusted and adjusted for the main mortality determinants in Cox regressions. The multivariable analysis for the search for neck pain determinants was performed by multiple logistic regression, whose coefficients and standard errors allowed the calculation of odds ratios and 95% confidence intervals. In both regressions, the Wald statistic was used to establish the relative relevance of the variables in decreasing order of significance.
Two-tailed tests were used throughout, and P values <0.05 were considered significant. The analyses were performed with SPSS software (SYSTAT 10; SPSS Inc., Chicago, IL, USA).
Results
The age range of the 5,253 participants was 65-102 years (74.9 6 7.1 years), and 2,869 of them (54.6%) were female. The 4,388 subjects who did not return the questionnaire, plus the 3 subjects lost to follow-up, were older by nearly one year than the participants (75.7 6 7.6 years, P < 0.001) and slightly more often female (2,485 women, 56.6%, P ¼ 0.05). Of the 5,253 participants, 1,250 (23.8%) died during the seven-year follow-up. Table 1 shows the comparison of the main baseline characteristics between survivors and deceased subjects. Numerous variables were predictive of the subsequent mortality, with highly significant associations. The main direct associations with mortality concerned age, male sex, having worked as a blue collar, at least one ADL or IADL deficit, anxiety or depression, diabetes, ex-smoker status, previous myocardial infarction, previous stroke, previous arterial revascularization, at least one fall, at least one fracture, and the use of aspirin and anti-inflammatory drugs.
The main inverse associations with mortality concerned educational level greater than five years, physical activity (PASE score), good self-rated health, high body mass index, hypercholesterolemia, alcohol drinking, and pain in the neck, shoulders, and hands. Finally, the following variables had no relationship with mortality: municipality of residence, being housewife or white collar, hypertension, current smoker status, pain in the knees or feet.
To ascertain which of the above associations were independent, the 28 variables associated with mortality with P values <0.05 (in Table 1 ) were included in a Cox regression, where the dependent variable was mortality at seven years. The interaction terms of neck pain with sex and of neck pain with age group (1 ¼ 65-74; 2 ¼ 75-84; 3 ¼ 85þ) were also included. The cases whose values of body mass index and self-rated health (VAS) were missing were excluded from the sample (N included ¼ 4,669, 1,091 deceased; the 584 excluded subjects were older, more often female, and less physically active than the included subjects). This analysis confirmed the inverse association between neck pain and mortality (hazard ratio adjusted for the other 27 variables: 0.769, 95% CI ¼ 0.660-0.896, P < 0.001). After backward elimination of the nonsignificant associations, 16 variables remained independently associated with mortality ( Table 2 , in decreasing order of significance).
After age, the most significant association concerned self-rated health, while the main modifiable variable was the intensity of physical activity (PASE score). Neck pain and, with low significance, hand pain and back pain, remained inversely associated with mortality. Body mass index and hypercholesterolemia were confirmed to be significant protective factors. The interaction terms were not associated with mortality.
To establish whether the highly significant and independent inverse association between neck pain and mortality concerned some subgroups in particular, we tested this association separately in males and females, youngold, old-old, and oldest-old, and inhabitants of Pianoro, Sasso Marconi, and Zola Predosa (Table 3 ). In each of these eight subgroups, the prevalence of neck pain was significantly higher in the survivors than in the deceased subjects. This apparent protective effect of neck pain was confirmed in all subgroups after adjustment for the main confounders, with a maximum significance for the age group 65-74 years and a minimum significance for the age group 75-84 years. Having found a protective effect of neck pain in these two age groups is noteworthy, as they included different people from those participating in the previous study [5] , which only included subjects older than 85 years. In addition, the prevalence of pain was lower in men than in women, and in the oldest-old compared with younger subjects. Table 4 shows the univariate associations between neck pain and the variables considered in this study. In the subjects with neck pain, compared with those without pain, there was a greater prevalence of housewives, ADL deficits, anxiety/depression, hypertension, hypercholesterolemia, angina pectoris, falls, fractures, use of NSAIDs and steroids, and physical activity was more intense. The subjects without neck pain, instead, were older, had better self-rated health, and had a higher prevalence of male sex, education greater than five years, alcohol consumption, and previous stroke. Although there were more deaths in the subjects without neck pain than in those with neck pain, the distribution of the causes of death in the two subgroups was similar.
Finally, Table 5 lists in decreasing order of significance the variables independently associated with neck pain, obtained with multiple logistic regressions with a backward elimination procedure of the nonsignificant associations. The initial model included the 19 variables associated with P values <0.05 (in Table 4 , except deceased), and the subjects who did not indicate their self-rated health were excluded (N included ¼ 4,896, 1,950 with neck pain; the 357 excluded subjects were older, more often female, less educated, more anxious/ depressed, and less physically active than the included subjects). The direct associations with neck pain concerned anxiety/depression, the use of NSAIDs, physical activity (PASE score), hypercholesterolemia, angina pectoris, and falls. The inverse associations concerned selfrated health, age, male sex, and previous stroke.
Discussion
This study, performed in a wide sample of elderly people, has confirmed and extended our previous observation of an inverse association between neck pain and mortality. The association was highly significant, was independent from other mortality determinants in the elderly, and was confirmed in all subgroups of sex, age, and residence. In an attempt to understand its significance, we have identified the main determinants of neck pain. This allowed us to exclude some hypotheses and to support one of them in particular, as will be illustrated in the following discussion.
Determinants of Mortality in the Elderly
Some mortality determinants are obvious and do not require comment, such as age, male sex, diabetes, ADL and IADL deficits, previous stroke, arterial revascularizations, and ex-smoker status. Instead, the formidable ability of poor self-rated health to predict mortality deserves to be highlighted, considering that it is obtained at no cost with a simple subjective assessment on a scale from 0 to 100. Similarly, the fact that the most significant modifiable factor associated with mortality was physical activity should be underscored. Instead, some traditional risk factors were not independently associated with mortality (hypertension, current smoking, alcohol consumption), and other factors in our sample of elderly people even played a protective role (body mass index, cholesterol). All this is part of the well-known "reverse epidemiology" that characterizes the geriatric ambit [14] . Neck pain and, at much lower levels of significance, hand and back pain, were confirmed to be inversely associated with mortality while simultaneously controlling for all main mortality determinants. Instead, there was no association between mortality and lower limb pain.
Previous Studies on the Association Between Chronic Pain and Mortality
This subject has been addressed by many studies, often with discordant conclusions. In 26,977 subjects age 25-97 years, Andorsen et al. [15] did not find any independent relationship between musculoskeletal pain and all-cause mortality, and a similar result was obtained by Andersson after adjusting for lifestyle factors [16] , while Torrance et al. [17] found a relationship with 10-year mortality only in the case of severe pain. On the other hand, in two large epidemiological studies, a relationship of the inverse type was found between widespread pain and mortality. In the Mini-Finland Health Survey [18] , the subjects with widespread pain had a slightly lower risk of death for several specific diseases and particularly for cancer, while in the Canadian Study of Health and Aging [19] , noncancer pain was associated with lower mortality only in women. Smith et al. [6] in their meta-analysis of 10 studies concluded that people with chronic pain, particularly from cancer, had a mildly increased risk of death, but clear conclusions could not be drawn.
In these studies, pain location was not considered. There are instead several studies on the relationship between back pain and mortality. In particular, Heliö vaara et al. [20] in 7,217 subjects older than 29 years did not find any relationship between low back pain and cardiovascular mortality. However, Zhu et al. [21] in 1,484 elderly women found an association between daily back pain and overall mortality, and Docking et al. [22] confirmed this association only in women and only in the case of disabling pain.
Neck Pain Determinants
In their review, Hogg-Johnson et al. [23] reported the main factors associated with the prevalence of neck pain in a general population (some of which coincided with those found in the present investigation). These were age (peak of prevalence in middle-aged, with subsequent decline), female sex, other musculoskeletal pains, headache, poor self-rated health, anxiety, depression, and sleep disorders. Instead, educational level, socio-economic status, and body mass index had no relationship with neck pain, while the relationship with smoking was controversial.
In our study, the most significant neck pain determinant was the presence of anxiety or depression. Although the literature is rather concordant in reporting a decreased perception of experimental pain in depressed patients [24] , depression and pain are known to be often associated [25] . In fact, in depressed patients, pain reactivity might vary in relation to the type of stimulus [26] , and the threshold to spontaneous pain might even be reduced [27] . On the other hand, the inverse relationship is also plausible: chronic cervical pain may cause anxiety, generating a vicious circle. The strong association of neck pain with NSAIDs does not require any interpretation. Similarly, it is intuitive that the subjects suffering from neck pain may report poor self-rated health. The inverse association of neck pain with age is likely due to the increased pain threshold present in the elderly [28] , and a lower sensitivity to neck pain in elderly subjects than in middle-aged subjects has already been reported [29] . Similarly, the higher prevalence of neck pain in women is probably a consequence of the lower pain threshold in the female sex [30] . Anginal pain may be located in the neck, and those who had a stroke may have a residual sensitive deficit. The association of neck pain with falls is less easily explainable. Cervical arthritis may cause dizziness and favor falls. On the other hand, several authors reported that chronic pain is a relevant risk factor for falls in the elderly, even though more often hip or lower limb pain is involved [31] . The inverse associations of physical activity and hypercholesterolemia with neck pain will be discussed in the following section.
Possible Explanations for the Inverse Association Between Neck Pain and Mortality
The hypothesis that neck pain may play a true protective role in all-cause mortality is hardly sustainable. On the contrary, chronic diffuse pain is known to be a factor associated with frailty in the elderly [32, 33] . We will consider here five further possible explanations.
As the first hypothesis, we have to assess the random association. We believe that this hypothesis is excluded by the fact that the association was confirmed in a large sample of elderly subjects and separately in each of the eight subgroups considered by us.
The second hypothesis comes from the observation, in univariate analysis, of a strong association between aspirin consumption and mortality. This reflects the cardiovascular diseases and the risk status that have led to aspirin prescription. Thus, those who have a bad cardiovascular prognosis take aspirin, and because of the analgesic action of this drug, they may feel less inflammatory pain. However, also this explanation is not Table 4 ). NSAIDs ¼ nonsteroidal anti-inflammatory drugs; PASE ¼ Physical Activity Scale for the Elderly; VAS ¼ visual analog scale (0-100).
probable because the association between neck pain and survival was confirmed in multivariable analysis after adjustment for aspirin, and because aspirin was not associated with neck pain even in univariate analysis.
The third hypothesis attributes a role to physical activity. Although physical activity, in addition to favoring a longer survival (Table 2) , seems to favor the appearance of neck pain (Table 5 ), our multivariable analysis has shown that both physical activity and neck pain remain independently associated with survival (Table 2) . Thus, the association between neck pain and survival should not be an epiphenomenon of the association between physical activity and survival.
According to the fourth hypothesis, the lack of pain might identify the subjects producing fewer inflammatory cytokines due to a deficit of their innate immunity. Joint pain often has an inflammatory origin, and a reduced production of inflammatory cytokines might be associated with reduced joint pain. In addition, the impairment of innate immunity might favor the appearance of infectious and neoplastic diseases, which, in turn, could be the cause of the increased mortality-all this in particular in the elderly, in whom an increased production of cytokines [34] might in part compensate for the deficit of specific cellular immunity [35] . However, we were unable to find any increased proportion of deaths caused by infections or tumors among the deceased subjects without neck pain, compared with the deceased with neck pain.
The last hypothesis considers the reduced sensitivity to neck pain as a possible marker of frailty in the elderly. In fact, in our sample the subjects without neck pain, compared with those with neck pain, were older, were less physically active, and had a lower prevalence of hypercholesterolemia, all of which are typical characteristics of frailty [36] . Sarcopenia is one of the main causes of frailty [37, 38] , and decreased handgrip strength is an important indicator of frailty [4] . Sarcopenia, and the consequent strength reduction, are due to a great extent to the progressive decrease in the number of motor neurons in the anterior horns of the spinal cord, with associated atrophy of the relative neuromuscular units [39, 40] . It is therefore conceivable that a similar ageassociated numeric reduction may also affect the sensory neurons in the posterior horns of the spinal cord, and this numeric reduction might be more marked in the cranial segments of the cord. In fact, with aging, a progressive atrophy occurs not only in the anterior horns, but in the whole spinal cord, similar to what is seen in the brain [41] . In particular, a gradual agerelated reduction of sagittal diameter and crosssectional area in the cervical cord [42, 43] , as well as atrophy of the grey-matter area (with smaller width of posterior horns in men than in women) [44] and a progressive trend to reduced pain sensitivity [28, 45] , have been reported in the elderly. Thus, a reduced pain sensitivity at the level of the neck, shoulders, back, or upper limbs might accompany sarcopenia and strength reduction in frail elderly subjects at increased risk of allcause mortality. This hypothesis could be easily verified by measuring the threshold of pain in the neck region (for example, with a pressure algometer) in frail subjects and in age-and sex-matched nonfrail subjects. If confirmed, it could lead to the definition of specific and standardized tests for the early identification of vulnerable elderly subjects.
Limitations
The main limitation of this study was the cross-sectional nature of the search for the determinants of neck pain. Cross-sectional investigations allow the detection of associations, but they cannot provide any information on cause-effect relationships. Clearly, some variables cannot be effects (age, sex). For some other variables, the type of relationship is almost definite (pain>NSAIDs), but in other cases the relationship is uncertain, and might even be bidirectional.
Our results are based on information obtained by selfreported questionnaires without any further validation, and the wording of the questions might have favored some misunderstanding. In addition, our questionnaire did not include questions on cognitive status. Thus, we could not assess whether cognitive impairment (which is associated with a worse prognosis) influenced questionnaire compilation. However, it is hardly conceivable that in all subgroups the subjects with cognitive deficit provided erroneous information for the same painful site.
Other limitations derive from the incompleteness of the sample, as responders were only 54.5% of the original sample, and the subjects excluded from multivariable analysis because of missing data were significantly different in some respects compared with those without missing data. All this might have influenced the results somehow, but it seems improbable that the main conclusions of the study may have been affected.
Conclusions
In our large sample of elderly subjects, a significant and independent determinant of all-cause mortality was the absence of neck pain. This relationship was confirmed in both sexes, in the main age groups, and in different areas of residence. The analysis of neck pain determinants suggested the hypothesis that reduced pain sensitivity in that site may be a new marker of frailty in the elderly.
